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Introduced cichlid species are increasingly more common in tropical freshwater
systems and expanding in range, often with negative consequences to receiving systems.
To better understand, monitor, and manage these populations, improved cichlid sampling
protocols are required. The goal of this study was to (1) evaluate diel electrofishing and
gill netting sampling catch efficiency, and (2) compare two non-lethal methods for
extracting stomach contents from Butterfly Peacock Bass Cichla ocellaris. This study
suggests that electrofishing, particularly at night, may be a more appropriate gear for
sampling cichlid species in the littoral zone of reservoirs, as gill nets were more time
intensive, had more variable catch rates, and exhibited considerable selectivity. Pulsed
gastric lavage was more effective than acrylic stomach tubes for extracting stomach
contents from Butterfly Peacock Bass and was less injurious, with bruising of the
stomach wall the most common injury being observed.
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CHAPTER I
INTRODUCTION
1.1

Overview
Aquatic communities in tropical and sub-tropical environments are becoming

increasingly dominated by introduced cichlid species, especially tilapia species
(Oreochromis and Coptodon spp.) and new world cichlids (Amphilophus spp.,
Paraneetroplus spp., among others; Courtenay and Robins 1973; Neal et al. 2008, 2009).
These species are intentionally introduced as prey or sport fish, but often introductions
occur via disposal of live bait or unwanted aquarium fish (Erdman 1984; Neal et al.
2008). Once established, these species are notoriously difficult to eradicate (Radonski et
al. 1984), can aggressively compete with native and naturalized species for resources
(Fuller et al. 1999; Lorenz 2008), and are a potential threat to native fish diversity (Neal
et al. 2009; Barros et al. 2012). Establishment and expansion of cichlid populations in
many important freshwater ecosystems has prompted fisheries managers to actively
manage these species and to study their effects on established prey and sport fish
populations (Shafland 1986; Bradford et al. 2011).
For example, Puerto Rico has 26 major reservoirs (13 larger than 100 ha in
surface area) that provide water, electricity, and recreation to the island’s 4 million
inhabitants (Neal et al. 2008). Because native fish species do not persist after
impoundment, the reservoir fish community in Puerto Rico is principally composed of
1

non-native species (Erdman 1984; Neal et al. 2004; Cooney and Kwak 2013). Following
authorized introductions of fish species to reservoirs in the first half of the 20th century,
today the reservoir fish communities are composed of fishes introduced from other parts
of the world, notably: black bass and sunfish (Centrachidae) along with catfish
(Ictaluridae) from the southeastern United States, tilapias (Cichlidae) from Africa, and
Butterfly Peacock Bass (Cichlidae) from South America (Neal et al. 2004). However,
recent introductions and expansions of various behaviorally aggressive cichlids (e.g., Red
Devil Cichlid Amphilophus labiatus and Firehead Cichlid Paraneetroplus synspilus) are
proving to be a detriment to Puerto Rico’s reservoir fisheries (Neal et al. 2009). These
aquarium species provide limited sport fishing value and may be linked to the decline of
centrarchids in reservoirs where they cohabitate. Questions remain about how to best
manage introduced cichlids in reservoirs with high abundances and interactions between
these species and popular sport fish (i.e., Butterfly Peacock Bass Cichla ocellaris).
However, cichlids are often difficult to sample with traditional gears (Hugueny et al.
1996; Holliman 1998), making these questions difficult to answer.
The selection of a sampling gear is an important part of the design of a biological
study. This is especially true of fisheries research, as there are many sampling gears
available, each with inherent biases (Zale et al. 2012). Significant species or size biases,
if they remain unknown, may result in mismanagement of aquatic resources (Rozas and
Minello 1997; Sammons et al. 2002). Therefore, a keen understanding of these biases is
necessary if cogent decisions are to be made regarding the use and protection of fisheries
resources.

2

Research examining the diet and trophic position of introduced species can shed
light on competition between invaders and natives (Bøhn and Amundsen 2001) or reveal
predation (Pringle 2005). However, depending on the size and species of specimen, the
effectiveness of methods for extracting stomach contents required to perform such studies
can vary (Van Den Avyle and Roussel 1980; Cailteux et al. 1990). The optimal technique
should consistently retrieve a majority of stomach contents with minimal impact from
fish size or diet contents and with little tissue damage.
The goal of this study was to improve sampling techniques for research and
management of cichlid species in lentic systems. The first objective of this study was to
evaluate diel and seasonal electrofishing and gill netting sampling catch efficiency in
terms of species composition, size distributions, and catch rates. The second objective
was to compare two non-lethal methods for extracting stomach contents from Butterfly
Peacock Bass.
This thesis consists of this introductory chapter and two chapters addressing the
research objectives. Chapter Two explores the use of different types of littoral zone
sampling gears in their ability to collect cichlid species. The efficacy of gill nets and
electrofishing was compared in terms of size selectivity, catch composition, and
efficiency. Chapter Three compares two methods for extracting stomach contents from
Butterfly Peacock Bass. Pulsed gastric lavage and acrylic stomach tubes were assessed
for their effectiveness at retrieving stomach contents. Injuriousness of each method was
also examined.
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CHAPTER II
COMPARISON OF ELECTROFISHING AND GILL NETS FOR SAMPLING
CICHLID SPECIES IN LENTIC SYSTEMS
2.1

Introduction
Cichlids are often difficult to sample using traditional gears. It has been observed

that cichlids are considerably less susceptible to waterborne electric fields than
centrarchids and ictalurids (Alicea 1995). Holliman (1998) reported capture efficiencies
of cichlids (Mozambique Tilapia Oreochromis mossambicus, Redbreast Tilapia
Coptodon rendalli, and Butterfly Peacock Bass Cichla ocellaris) with boom-mounted
electrofishing did not exceed 40%, compared to nearly 100% capture efficiency of
Largemouth Bass Micropterus salmoides. Similarly, Hugueny et al. (1996) noted low
capture efficiency of cichlids with gill nets. Additionally, some cichlid species display
markedly different diel activity and thus diel susceptibility to passive gears (Goudswaard
et al. 2004).
A comprehensive review by Corfield et al. (2007) highlighted that literature on
many cichlid species, including Amphilophus spp., is inadequate to provide background
on basic topics such as habitat preferences, diet, and reproduction. A preferred sampling
method must be identified for cichlid species to track population expansion and broaden
our understanding of the impacts of these aggressive and invasive species. In this study,
electrofishing and experimental gill netting are compared for their effectiveness at
6

collecting cichlid species during day and night sampling. The efficiency of each gear was
compared using two formulations of catch per unit effort (CPUE): a standard fish per
hour and fish per net-hour for diel comparisons within gear, and fish per person-hour for
overall comparisons between gears. Furthermore, the number of samples required to
estimate CPUE at a target relative standard error (RSE) of 0.20 was compared between
gears. Finally, species composition of cichlids caught by each gear and length frequencies
were compared to explore potential biases.
2.2
2.2.1

Methods
Study area
This study was conducted in Guajataca Reservoir, Puerto Rico. This reservoir is

located in the karst region in the northwest of the island, and has a surface area of 342 ha
at full pool (196 m above sea level). Mean depth is 12.4 m with a maximum depth of 27.1
m. Specific conductance ranges annually between 200 to 300 μS and water clarity is high
with Cecchi depths greater than 1.5 m and turbidity less than 40 NTU (Pantoja-Agreda et
al. 2009; Kröger et al. 2012)(Pantoja-Agreda et al. 2008; Kroger et al. 2010). Guajataca
Reservoir supports at least five cichlid species, including Blue Tilapia O. aureus,
Redbreast Tilapia, Butterfly Peacock Bass, Red Devil Cichlid A. labiatus, and Firehead
Cichlid Paraneetroplus synspilus (Velazquez-Cancel 2015). Non-cichlid species include
Largemouth Bass, Redbreast Sunfish Lepomis auritis, Redear Sunfish L. microlophus,
Amazon Sailfin Catfish Pterygoplichthys pardalis, and White Catfish Ameiurus catus
(Prchalová et al. 2012; Velazquez-Cancel 2015).
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2.2.2

Sampling design
Seven sampling sections were identified along the longitudinal vector from dam

to river mouth using a reservoir map by Soler-López et al. (1999). Each section was
divided into two adjacent sampling sites. For day sampling, a gear type was randomly
assigned via coin toss to a site within a section with the remaining site receiving the
remaining gear type. Gear type designation was reversed during night sampling to
prevent sampling an area with the same gear twice. Day sampling occurred after sunrise
(0700h) and night sampling began after sunset (1900 h). To account for potential
variability throughout the year, sampling was conducted in July 2014 and again in
January 2015. The result was a total of 28 electrofishing runs and 28 gill net sets. No
seasonal differences were detected and data were pooled.
2.2.3

Fish collection
Electrofishing runs were made with a single netter, while the boat was piloted in a

manner that would produce the highest catch rates as dictated by the littoral habitat at
each site. Although a target power of 3,000 W is commonly used in electrofishing
surveys of Puerto Rico reservoirs, a higher output (3,500 – 4,000 W) is recommended
when targeting cichlids (Holliman 1998; Lilyestrom and Neal 2004). For this study,
target power was 4,000 W with 60 Hz square-wave, pulsed-DC and a power-on time of
900s per site. All species and sizes of fishes were targeted and collected. All fish
collected were identified to lowest feasible taxon, measured (mm, total length), and
released alive.
For gill net sampling, 24-m bottom-set experimental gill nets were used (1.8-m
depth with 3-m sequential panels of 13-, 19-, 25-, 32-, 38-, 51-, 63-, and 76-mm bar
8

mesh). Given high surface water temperatures (> 25 °C) , nets were deployed for a short
duration (approximately 4 h) to reduce mortality (Buchanan et al. 2002). Nets were set
perpendicular to shore with smallest mesh nearshore. Nets were retrieved serially, so fish
processing sometimes delayed the retrieval of subsequent nets. However, effort did not
differ significantly between day and night samples (t26 = -1.66, P = 0.11). Daytime net
deployments averaged 4.7 h (SE, 0.2), while nighttime net deployments averaged 5.2 h
(SE, 0.2). All fish collected with gill nets were processed in the same manner as those
collected by electrofishing.
2.2.4

Data analysis
Two formulations of CPUE were used to compare within and between gears.

First, cichlids per hour (cichlids/h) and cichlids per net-hour (cichlid/net-h) were
calculated to compare diel catch rates within gear, independent of fish processing time
(i.e., the time required to identify, measure, and release fish). Second, cichlid per personhour (cichlid/person-h) was calculated for each gear to incorporate fish processing time
and the time required to deploy and retrieve nets, using times collected during the
January 2015 day sampling (Sullivan and Gale 1999). Cichlid/person-h was calculated by
dividing the number of fish captured by the product of active personnel time and number
of people required. For electrofishing, active personnel time was the total power-on time
plus fish processing time. For gill nets, active personnel time was the time to set seven
nets, estimated to be 28 min (4 min each net), plus the time to retrieve the net, disentangle
captured fish, and process fish samples. Two people were required to fish each gear. Run
time between sites was assumed to be equivalent between gears and gill net soak time
was excluded as personnel are not actively fishing the gear at this time.
9

To compare precision of species-specific CPUE for each gear, the relative
standard error (RSE; SE/mean, where SE is the standard error of the mean) was
calculated. This measure of sampling precision is similar to the coefficient of variation,
or relative standard deviation (RSD; SD/mean where SD is the standard deviation), but
incorporates sample size. The number (N) of gear deployments required to achieve a
target RSE of 0.20 for each species was estimated for each gear by solving N =
(RSD/RSE)2 after setting the RSE to 0.20 (Cyr et al. 1992; DeVries et al. 1995). A gear
deployment consists of one 4-h gill net set or one 900 s electrofishing run. Estimates of N
were compared to evaluate sampling precision, but do not represent recommended
sampling regimes as such calculations often underestimate the true number of necessary
deployments (Dumont and Schlechte 2004).
Species composition of cichlids caught by each gear were compared to explore
potential biases. Canonical analysis of principal coordinates and permutation analyses
were applied to catch data similarity matrices computed with the Bray–Curtis distance
coefficient. Prior to computation of distance coefficients, counts of Redbreast and Blue
Tilapias were pooled into a single category, tilapia (TIL). Further, all catch data were
fourth-root transformed to reduce skewness and satisfy the assumption of homogeneity of
dispersion (Anderson 2001).
Canonical analysis of principal coordinates of the variables allowed for the
visualization of relationships between cichlid species composition, diel period, sampling
section, and gear; permutation statistics tested the significance of these relationships.
Permutational multivariate analysis of covariance (PERMANCOVA) was applied to the
catch data similarity matrices with covariates of gear, month, diel period, sampling
10

station, and first order interactions. The PERMANCOVA relied on permutations (N =
9999) to assess statistical significance with a pseudo-F test and P < 0.05. While being
equivalent to conventional parametric analyses, this procedure does not make
assumptions about data distribution, but does assume homogeneity of dispersion among
groups and the independence of samples (Anderson 2001). Analyses were conducted with
the “vegan” package for R (Oksanen et al. 2011; R Core Team 2012).
All statistical tests were considered significant at α < 0.05 and performed in
program R (R Core Team 2012). Day and night CPUEs (fish/h or fish/net-h) were
compared within gear using a paired t-test, while fish/person-h was compared between
gear using a Welch’s t-test. Length frequency distributions were compared using
Kolmogorov Smirnov tests with day and night samples pooled for each species.
2.3

Results
Electrofishing and experimental gill netting collected 551 and 141 cichlids,

respectively. Night sampling resulted in significantly greater CPUE for Red Devil
Cichlids for both electrofishing (Table 2.1; t13 = -3.72, P < 0.01 and gill netting (Table
2.1; t13 = -2.19, P = 0.04). Additionally, day gill netting catch rates for Butterfly Peacock
Bass were significantly higher than catch rates from night sampling (Table 2.1; t13 = 2.83,
P = 0.01). Catch rates for other species did not differ significantly between day and night
(Table 2.1; P range: 0.17 – 0.83). Moreover, apart from Red Devil Cichlid CPUE,
electrofishing resulted in lower RSE of species specific CPUE than gillnetting, and lower
estimates of the number of gear deployments to achieve a target RSE of 0.20 (Table 2.1).
Furthermore, electrofishing was significantly more efficient with regard to personnel-
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time (t10 = -2.66, P = 0.01). Electrofishing averaged 37.7 cichlids/person-h (SE, 9.9),
while gill netting averaged 13.5 cichlids/person-h (SE, 6.5).
Both gears collected seven taxa each, with a total of eight taxa between gears,
including the five cichlid species known to occur in Guajataca Reservoir (Table 2.1).
Cichlids accounted for 68.4% (n = 551) of the electrofishing catch, with the remainder
primarily consisting of Amazon Sailfin Catfish (20%; n = 161) and Largemouth Bass
(11.2%; n = 90). For gill nets, cichlids made up 83.9% (n = 141) of the catch, with mainly
Amazon Sailfin Catfish (14.9%; n = 25) as bycatch. Canonical analysis of principal
coordinates revealed strong differences in cichlid species captured between gear types
and smaller deviations in catch composition between diel period within gear types
(Figure 2.1). Differences in species caught between gears were primarily driven by
electrofishing being highly associated with Firehead Cichlids and tilapias, and gill nets
with Red Devil Cichlids. Species composition of electrofishing samples only differed
slightly between day and night. Conversely, strong diel variability was observed in gill
net samples, with elevated catch of Red Devil Cichlids at night and elevated catch of
Butterfly Peacock Bass during the day. These differences were corroborated by the
PERMANCOVA, as significant effects were observed for gear (Pseudo-F1, 52 = 44.26, P
< 0.01, R2 = 0.36), diel period (Pseudo-F1, 52 = 17.76, P < 0.01, R2 = 0.14), and their
interaction (Pseudo-F1, 52 = 17.674, P < 0.01, R2 = 0.14). Time of year, sampling section
and remaining interactions were not significant (Pseudo-F range: 0.55 – 2.54, P range:
0.08 – 0.89, R2 range: 0.01 – 0.06), explaining 17% of the observed variation in total.
Gill nets were generally more size selective for cichlid species than electrofishing.
Gill nets failed to catch sufficient numbers of tilapias and Firehead Cichlids to provide a
12

meaningful depiction of the size structures of the populations and tended to miss
Butterfly Peacock Bass in the smallest and largest size classes captured by electrofishing
(Figure 2.2; D = 0.5, P < 0.01). The size structures of Red Devil Cichlids sampled by
experimental gill nets and electrofishing were similar (D = 0.25, P = 0.07).
2.4

Discussion
This study suggests that electrofishing may be a more appropriate gear for

sampling cichlid species in the littoral zone of reservoirs, as gill nets were more time
intensive, had more variable catch rates, and exhibited considerable selectivity. While
both gears collected individuals of all cichlid species present in Guajataca Reservoir,
90% of the gill net catch was composed of two species. Considerable differences were
observed in species composition of day and night gill net samples, while species
composition of electrofishing samples was less affected by diel period.
Gill nets and other passive gears are reliant on fish behavior for capture. The high
proportions of Butterfly Peacock Bass in day gill net samples is likely due to their being a
diurnal roving predator (Winemiller et al. 1997), making them more likely to encounter
nets during the day. Conversely, the high catch rates of Red Devil Cichlids in night
samples suggest that these fish are more mobile nocturnally. Although higher gill net
catch rates may have been observed if nets had been placed over day-night boundaries
(Hubert and Sandheinrich 1983), many cichlid species show peak activity levels during
daylight hours (Lowe-McConnell 1969). The nocturnal behavior of cichlids in large
rivers of Guyana (i.e., remaining motionless against cover), suggests that an active gear
may be more effective for night sampling (Lowe-McConnell 1969), which is congruent
with the results of this study. Further, night electrofishing resulted in the lowest RSE
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values for all species, indicating that perhaps diurnal activity of cichlids in Guajataca
Reservoir results in greater variability of catch rates.
Both electrofishing and gill nets have spatial limitations. The mobility of boatmounted electrofishing allows for efficient sampling of a larger area, increasing spatial
distribution of sampling with less effort than would be required with gill nets. However,
boat-mounted electrofishing only affects fish within the first few meters of the water
column and pelagic species tend to avoid the electric field, resulting in low catchability
(Bohlin et al. 1989). Neal et al. (2001) and Prchalová et al. (2012) reported high catch
rates of tilapias with gill nets in several Puerto Rico reservoirs using small-mesh floating
gill nets set in the pelagic zone, suggesting that actively swimming small tilapias may be
more common in off-shore surface waters. This may explain the low tilapia CPUE for
littoral bottom-set gill nets in this study (10 individuals over 28 net deployments).
Cichlids are a very diverse group and managers should take the ecology of their target
species into account when selecting a gear and designing a sampling regime.
The selectivity of gill nets (Hamley 1975; Evans et al. 2011) and electrofishing
(Beamesderfer and Rieman 1988; Reynolds and Kolz 2012) has been well reported. Both
are size-selective, with electrofishing generally considered to be selective towards larger
individuals (Reynolds and Kolz 2012) and gill nets exhibiting multi-modal selectivity
curves dependent on mesh sizes (Hubert et al. 2012). Although the species selectivity of
gill nets prevented the comparison of length frequency distributions of Firehead Cichlids
and tilapias, this study suggests that electrofishing may be less size selective than gill nets
for sampling Butterfly Peacock Bass.
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Personnel time is an important factor in selecting a gear for assessing fish
populations. Electrofishing provided higher catch rates of cichlids which required less
active personnel time and were more precise, especially at night, requiring fewer
deployments to achieve an RSE of 0.20 for all but Red Devil Cichlids. Although
personnel time required for each gear was only recorded for daytime sampling, if any diel
impacts on gear efficiency, such as those due to low-light conditions or wind, were to be
observed, they would likely only produce differences between day and night sampling
within gear rather than between them. Additionally, gill nets are a time intensive gear and
are susceptible to damage. Repair and the extra effort to remove tangled fish increases the
amount of time needed to conduct a survey. Van Den Avyle et al. (1995) found that they
could accomplish nearly two 15-minute electrofishing surveys in the same amount of
personnel-time required for one gill-net set. Similarly, electrofishing in Guajataca
Reservoir resulted in three times as many cichlids/personnel-h than gill netting. Further,
soak time was not included in calculating active personnel time for gill nets, resulting in
conservative estimates. Thus, gill net cichlids/personnel-h presented here are generous
estimates.
Gill netting in high water temperatures increases the mortality risk for captured
fishes (Murphy et al. 1995). Therefore, electrofishing is more appropriate for studies
where fish are intended to be released. However, electrofishing should not be used to
estimate relative abundance, as cichlid capture efficiency is low and highly variable with
this gear, and changes in capture efficiency would be difficult to separate from changes in
abundance. Electrofishing can be used for determination of presence/absence, size
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distributions, and in studies where individuals must be obtained for physical sampling,
such as physiological sampling or diet analysis.
Electrofishing was more efficient and resulted in more precise estimates of CPUE,
and therefore is the suggested gear for efficiently collecting cichlids in reservoirs.
However, an assessment of the accuracy of either of these gears is outside the scope of
this study. Therefore, studies using known populations and assemblages should be
conducted to evaluate whether electrofishing accurately portrays size structure and
species composition.
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2.5

Tables

Table 2.1

Mean, standard error of the mean (SE), observed relative standard error
(RSE) and the number (N) of gear deployments necessary to achieve RSE =
0.20 for CPUE (fish/h for electrofishing and fish/net-h for gill netting) for
cichlid species collected in Guajataca Reservoir, Puerto Rico, in July 2014
and January 2015.For electrofishing day, electrofishing night, gill netting
day and gill netting night, n = 14.

Mean CPUE
SE
RSE
N for RSE = 0.20

Electrofishing
Day
Night
Firehead Cichlid
29.9
14.4
13.7
2.7
45.7%
18.6%
73.3
12.1

Statistic

Gill netting
Day
Night
0
0
-

0.04
0.03
69.2%
167.6

Mean CPUE
SE
RSE
N for RSE = 0.20

Butterfly Peacock Bass
14.8
13.6
3.9
2.7
26.8%
20.2%
25.3
14.3

1
0.4
35.9%
45.1

0.01
0.01
100%
350

Mean CPUE
SE
RSE
N for RSE = 0.20

Red Devil Cichlid
3.1
9.6
1.0
1.6
33.2%
16.6%
38.6
9.6

0.2
0.1
29.2%
29.9

0.7
0.2
28.8%
29.1

Mean CPUE
SE
RSE
N for RSE = 0.20

Tilapias
39.6
31.5
13.2
7.1
33.3%
22.6%
38.8
17.8

0.08
0.06
69.6%
169.5

0.05
0.03
55.7%
108.6

Mean CPUE
SE
RSE

All Cichlids
87.2
69
31.7
13.6
25.8%
13.9%

1.3
0.6
33.4%

0.8
0.3
25.3%
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Table 2.2

Taxon

Total catch (n) and relative percent composition (%) of cichlids caught by
electrofishing (EF) and gill nets (GN) in Guajataca Reservoir, Puerto Rico,
in July 2014 and January 2015.
EF - Day
n
%

EF - Night
n
%

GN - Day
n
%

GN - Night
n
%

Firehead
Cichlid

105

34.2
(24.5)

51

20.9
(13.6)

0

0.0
(0.0)

3

5.4
(4.2)

Tilapias

139

45.3
(32.4)

111

45.5
(29.6)

6

7.0
(6.2)

4

7.1
(5.6)

Butterfly
Peacock Bass

52

16.9
(12.1)

48

19.7
(12.8)

64

75.3
(65.9)

1

1.8
(1.4)

Red Devil
Cichlid

11

3.6
(2.6)

34

13.9
(9.1)

15

17.7
(15.5)

48

85.7
(67.6)

Non- Cichlid
Species

122

Total

307
(429)

—
(28.4)

131

—
(34.9)

12

85
(97)

244
(375)

Values in parentheses refer to percent and sum of all species.
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—
(12.4)

15
56
(71)

—
(21.1)

2.6

Figures

Figure 2.1

Canonical analysis of principle (CAP) coordinates of cichlid species
sampled by electrofishing (EF) and experimental gill nets (GN) by diel
period (D = day, N = night).

Dashed lines refer to 95% standard error ellipses. FHC = Firehead Cichlid, PCB =
Butterfly Peacock Bass, RDV = Red Devil Cichlid, TIL = Blue and Redbreast tilapias.
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Figure 2.2

Length frequency by species of cichlids sampled by electrofishing (EF) and
experimental gill nets (GN) on Guajataca Reservoir in July 2014 and June
2015.

Day and night samples were pooled. Bars indicate 10-mm length groups. A = Firehead
Cichlid, B = Blue and Redbreast tilapias, C = Red Devil Cichlid, D = Butterfly Peacock
Bass.
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CHAPTER III
COMPARISON OF PULSED GASTRIC LAVAGE AND ACRYLIC STOMACH
TUBES FOR SAMPLING THE DIET OF BUTTERFLY
PEACOCK BASS CICHLA OCELLARIS
3.1

Introduction
Determining the food habits of a species is a central component of fisheries

management, and is most often achieved through the analysis of stomach contents
(Kamler and Pope 2001). Although sacrificing fish to remove the digestive tract is the
most effective method, it can impact populations and be negatively perceived by the
public (Baker and Fraser 1976; Light et al. 1983; Haley 1998). Therefore, fisheries
researchers need non-lethal methods of extracting stomach contents that are comparably
effective. Stomach tubes and pulsed gastric lavage (hereafter tubes and lavage,
respectively) are two non-lethal methods commonly used to collect stomach contents
from fish in the field. However, the effectiveness of these methods and their propensity to
injure fish can vary by species and should be evaluated before their inclusion in a
research program.
Stomach tubes are often made of clear glass, or acrylic, and are inserted through the
esophagus and into the stomach to remove contents (White 1930). Varying diameters are
used to better extract diet items from a range of fish sizes, and the edges are beveled to
ease insertion and help prevent injury (Van Den Avyle and Roussel 1980). Tubes are
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particularly effective for black basses Micropterus spp. and Morone spp. (Van Den Avyle
and Roussel 1980; Gilliland et al. 1981; Cailteux et al. 1990). However, Cailteux et al.
(1990) concluded that tubes were most effective for Largemouth Bass Micropterus
salmoides >200 mm total length (TL), and were potentially injurious to those < 200 mm
TL. Furthermore, tubes may be ineffective on species with smaller mouths relative to
their stomachs (Van Den Avyle and Roussel 1980).
Lavage involves flushing contents from the stomach via pulses of pressurized water
(Seaburg 1957). Water is pressurized with a hand, compression, or electric pump, which
is attached to a tube inserted into the stomach. Compression and electric pumps have an
added attachment to control water flow. Hartleb and Moring (1995) found lavage
removed 100% of contents from the stomachs of Largemouth Bass, Yellow Perch Perca
flavescens, Pumpkinseed Lepomis gibbosus, and White Perch Morone americana, but
only extracted 75% of contents from Brown Bullhead Ameiurus nebulosus, leaving
behind larger items. Additionally, it was also found to be injurious to fish < 140 mm TL
(Hartleb and Moring 1995).
Previous diet studies with Cichla spp. have utilized gastric lavage (Jepsen et al. 1997)
and manual emesis (Layman and Winemiller 2004; Montaña et al. 2011); however,
effectiveness of either method was not fully evaluated. Cichla spp. are an important sport
fish in many tropical freshwater systems and the diets of these species need to be
accurately characterized, as proper assessment of a species’ diet is integral to
understanding trophic interactions, identifying key prey species, and to successful
management. The goal of this study was to determine whether lavage or tubes were more
effective for extracting stomach contents from Butterfly Peacock Bass Cichla ocellaris, a
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piscivorous cichlid native to South America; specifically, which technique was least
injurious, retrieved the greatest percentage of stomach contents, and was least biased.
3.2

Methods
This study was conducted in Carraizo Reservoir, Puerto Rico, located in the

northeast portion of the island on the edge of the San Juan Metropolitan Area. Filled in
1954, it has a surface area of 267 ha at full pool (41 m above sea level). Mean depth is
approximately 10 m, with a maximum depth of approximately 18 m. Butterfly Peacock
Bass were introduced from Colombia in the 1960s.
Fish were collected using boat-mounted, pulsed-DC electrofishing with a target
output of 4,500 W. The reservoir shoreline was partitioned using ArcGIS 10.0
(Environmental Systems Research Institute 2012) into 48 equally spaced starting sites.
Prior to each sampling event, starting site and sampling direction were selected at
random. Every fourth site from the starting locations was sampled for 600 s in the
direction that was randomly selected. The sites were then resampled in the opposite
direction the following morning. This created 12 paired sampling sites distributed
throughout the reservoir during each sampling period. Sampling occurred every three
months from July 2014 to April 2015.
Sites were pre-selected for application of either lavage or tubes, with all Butterfly
Peacock Bass larger than 150 mm TL from that site subjected to the designated gear. An
effort was made to maintain balanced sample size between gears. When captured, fish
were placed in an aerated live-well until the site was complete. Total length (± 1 mm) and
weight (± 2 g) was recorded for each fish, and fish were subjected to the designated gear.
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Tubes used for this study were clear acrylic tubes of 3, 6, 10, 16, 22, 32, and 44
mm (inner diameter, ID) with 2 mm thick walls. The ends were beveled to a smooth
finish. The largest diameter tube that would pass the buccal cavity into the esophagus was
selected for each fish. The fish was held with the head at a slight decline (about 20),
ventral side up, while a wetted tube was inserted through the esophagus to the distal end
of the stomach. The tube was then withdrawn with the end capped by thumb or palm,
removing stomach contents. The process was repeated until it appeared that all content
had been removed, generally for three attempts.
The lavage apparatus was modified from Foster (1977). It consisted of a
compression sprayer with a flow control lever attached to a 1 m length of 6 mm (ID)
polyethylene tubing. To prevent the pharyngeal jaws from restricting the flow of water,
the terminal end of the tubing was fitted with a 25 cm long section of 3 mm (ID) clear
acrylic tube with 2 mm thick walls and beveled ends to ease insertion through the
esophagus. Each fish subjected to lavage sampling was held ventral side up at a declining
45° angle, with its mouth over a fine mesh net while the tube was inserted through the
esophagus to the distal end of the stomach. Water was released in pulses and allowed to
flow out again, while the abdomen was massaged to help expel water and stomach
contents. This process continued until it appeared that all contents had been removed,
generally for three attempts.
All retrieved stomach contents were placed in an individually labeled Whirlpak®
bag with 70% isopropyl alcohol and kept on ice for later laboratory examination.
Following gear application, fish were euthanized and placed on ice for stomach
dissection, which occurred within 24 h of capture. Dissected stomachs where placed in an
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individually labeled Whirlpak® bag with 70% alcohol and kept on ice until being
processed, usually within 24 h of removal.
In the laboratory, stomach samples were processed by weighing all items (± 0.001
g) and taking standard length (± 1 mm) of items not too degraded. Excised stomachs were
opened longitudinally using surgical scissors and any contents remaining in the stomach
were processed in the same manner as retrieved contents. Excised stomachs were
examined for injury, and observed injuries were classified by level of severity using
categories modified from Moore et al. (1995; Table 3.1; Figure 3.1). The difference in
median stomach injury scores by gear was tested using Wilcoxon Rank Sum tests.
Effectiveness of each gear was measured as percent of stomach contents retrieved
by dividing the weight of contents removed by the sum weight of contents (grams
removed + grams remaining) and multiplied by 100. Fish that had empty stomachs were
excluded from the effectiveness comparison. This approach resulted in a bounded score
taking values between 0 and 100%, the distribution of which can take a variety of shapes
(Lesaffre et al. 2007). Thus, a violin plot was employed to characterize the data. This
figure is similar to a standard box plot, but also shows the probability density of the data
at different values via plug-in kernel density estimation using Silverman’s Rule of Thumb
(Silverman 1986). The distribution of the data precluded the use of parametric statistics;
therefore, differences in median percent removed between gears were tested using
Wilcoxon Rank Sum tests.
Stepwise logistic regression was used to examine potential biases of each gear.
Stepwise regression results in a single best-fit model and was used because assessment of
relationships between variables and retrieval success of tubes and lavage was exploratory
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rather than hypothesis driven (DeVries et al. 2015). Gear type (tubes and lavage coded as
‘0’ and ‘1’, respectively), Butterfly Peacock Bass TL, maximum prey-to-predator size
ratio (SL of largest diet item / TL of Butterfly Peacock Bass), relative weight of stomach
contents (total weight of diet items / weight of Butterfly Peacock Bass), month of
collection, and collection site along with first order interactions of these variables were
included in the model. For a binary dependent variable, the percent removed by each gear
was dichotomized with success (coded as ‘1’) being defined as ≥ 90% retrieved and <
90% retrieved as failure (coded as ‘0’; Lesaffre et al. 2007). Ninety percent was selected
as the cut-off for dichotomization due to a large break in the data indicating a natural
grouping. All tests were considered significant at  = 0.05. Goodness-of-fit of the logistic
regression model was assessed with a Hosmer-Lemeshow test with G =12, and P > 0.05
suggesting adequate fit.
3.3

Results
In total, 201 Butterfly Peacock Bass were examined from July 2014 to April

2015; 103 were sampled by tubes, 98 were sampled by lavage. Fish subjected to each
gear were similar in size (t198.2 = 1.87, P = 0.06; Table 3.2) and stomach contents were
composed entirely of fish prey. Thirty percent of fish sampled by tubes had empty
stomachs, compared to 34% for lavage fish. Lavage was less injurious than tubes (W =
3622, P < 0.001, Figure 3.2). The most commonly observed injury was bruising of the
stomach wall, which was observed in 19% of stomachs sampled by lavage and 35% of
stomachs sampled by tubes. Injuries were observed in a majority of fish sampled by
tubes. Further, tubes had higher percentages of fish in all injury levels as compared to
lavage.
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Removal success was largely binary in nature. In many cases, either all or very
few stomach contents were removed (Figure 3.3). This tendency led to markedly different
estimates in median and mean percent stomach contents removed. Median percent
removed by tubes (95.5 %) was lower than that of lavage (100%; W = 2805, P = 0.03,
ntubes= 73, nlavage= 64). Mean percentage removed by tubes and lavage was 57.2% (SE=
5.3%) and 70.0% (SE = 5.0%), respectively. The predicted probability density for each
gear (Figure 3.3) was U-shaped with lavage showing a slightly higher relative likelihood
of success as indicated by the greater mass above 80%. The U-shaped distribution
indicates a dichotomized process (i.e., success or failure; (Galtung 1967)), where the
error from truncating a continuous response variable into a binary response is likely
negligible. Stepwise logistic regression resulted in a well-calibrated model (HosmerLemeshow: χ2 = 10.04, df = 10, P = 0.43), with significant effects of gear, relative weight
of stomach contents, and Butterfly Peacock Bass TL (Table 3.3). Both gears had reduced
retrieval success with fuller stomachs (Figure 3.4a) and were size selective, having
reduced probability of success with larger Butterfly Peacock Bass (Figure 3.4b).
Although a significant relationship between maximum prey-to-predator ratio and
probability of success was not observed, both gears tended to collect smaller items more
effectively. For tubes, prey items removed were smaller (29.4 ± 1.4 mm SL; mean ± SE)
than those remaining (49.3 ± 2.6 mm SL; t67.8 = -6.8, P < 0.01). Similarly, prey items
retrieved by lavage were smaller (31.4 ± 1.9 mm SL; mean ± SE) than those remaining in
the stomach (51.3 ± 3.7 mm SL; t52.1 = -4.8, P < 0.01).
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3.4

Discussion
These results indicate that lavage is the superior method for the retrieval of

stomach contents from Butterfly Peacock Bass, as it is both less injurious and more
effective than tubes. However, this gear may not be appropriate for all studies. If the goal
of diet sampling is to determine the presence/absence of a species in Butterfly Peacock
Bass diets, lavage would provide adequate sample accuracy, but for studies that require
quantitative depictions of Butterfly Peacock Bass diet composition (e.g., bioenergetics
modeling or size selectivity studies), sacrificing fish and excising stomachs may be a
more appropriate method.
Several studies have discussed the biases of each of these gears, although those
studies primarily focused on the bias towards retrieval of smaller items (Van Den Avyle
and Roussel 1980; Cailteux et al. 1990; Hartleb and Moring 1995; Quist et al. 2002). The
inverse relationship between relative weight of stomach contents and probability of
removing at least 90% of stomach contents observed in this study was previously
undocumented. Butterfly Peacock Bass with the fullest stomachs generally contained a
compacted mass of several fish. Tubes were likely unable to fit around this mass, simply
pushing against it, as evidenced by punctures and tears in several of these full stomachs
and often the retrieval of just a single item. Lavage, on the other hand, was able to
separate the compacted mass as more individual items were retrieved.
It is feasible that stomach wall injury occurs naturally in this piscivorous species
and comparison to control stomachs (i.e., stomachs from fish not subjected to either tubes
or lavage) would have been ideal to determine background injury levels. However, since
fish were sampled from the same population, this background rate is likely the same for
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fish subjected to each gear and should not influence comparisons between gears. The
injuriousness of tubes has not been as thoroughly reported in current literature, but given
the widespread use of tubes to sample stomach contents (Raborn et al. 2002;
Breeggemann et al. 2015; Trippel et al. 2015), the injuries reported in this study, and the
potential for delayed mortality, this is an important issue that should be addressed in
future research. Previous studies have found lavage to be a rather benign procedure, in
terms of both injury (Haley 1998) and mortality (Light et al. 1983; Hakala and Johnson
2004), and the current study supports those findings for Butterfly Peacock Bass. Thus,
lavage is the preferred gear choice for sampling Butterfly Peacock Bass diet, as it is less
injurious and more effective than tubes. Further, due to similar morphometric
characteristics, lavage is most likely the most appropriate gear for assessment of diet in
other Cichla spp.
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3.5

Tables

Table 3.1

Stomach injury scale modified from Moore et al. (1995) for classifying
damage to Butterfly Peacock Bass stomachs during sampling of stomach
contents.
Injury Levela Description of injury
No damage
No apparent injury
Light
Hematoma or contusion
Moderate
Partial thickness laceration
Severe
Puncture
a –For multiple lesions, advance one grade
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Table 3.2

Fish length, weight, and results (mean ± SE) of stomach content retrieval
methods for Butterfly Peacock Bass

Variable

PGL (n= 98)

ST (n= 103)

Total length (mm)

315

± 9 (163 – 495)

290

± 10 (161 – 505)

Weight (g)

609

± 50 (56 – 2,168)

520

± 52 (62 – 2,101)

Empty stomachs (%)
Total weight of
diet material (g)

34.7

Diet recovered (%)

4.661
70.0

29.1
± 0.857 (0.002 – 37.082)
± 5.1 (0 – 100)

3.157
57.2

± 0.540(0.002 – 27.269)
± 5.3 (0 – 100)

PGL = pulsed gastric lavage, ST = acrylic stomach tubes; numbers in parentheses
indicate range of observed values.
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Table 3.3

Summary statistics of best-fit model returned from stepwise logistic
regression. Fullness corresponds to the relative weight of stomach contents
(total weight of diet items/weight of Butterfly Peacock Bass).
Variable
Gear (tube)
Total length
Rel. wt. of stomach
contents
Gear : rel. wt. of
stomach contents
Intercept

β

Standard
Error

Z

P

-1.53
-1.26

0.56
0.29

-2.73
-4.4

< 0.01
< 0.01

-2.15

0.58

-3.69

< 0.01

-1.66
0.75

0.94
0.36

-1.76
2.08

0.08
0.04
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3.6

Figures

Figure 3.1

Images of several different levels of injuries to stomach walls of Butterfly
Peacock Bass.

(A) an uninjured stomach versus a contused stomach, (B) a fin spine puncturing the
stomach wall, (C) partial thickness laceration on the exterior of the stomach, and (D) a
puncture through the stomach wall.
36

Figure 3.2

Percent of stomachs injured by acrylic stomach tubes (ST; n = 103) and
pulsed gastric lavage (PGL; n = 98) with shaded proportions of injury
level.
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Figure 3.3

Violin and dot-plot of percentages of stomach contents retrieved from
Butterfly Peacock Bass by acrylic stomach tubes (ST; n = 103) and pulsed
gastric lavage (PGL; n = 98).

Each dot represents one observation.
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Figure 3.4

Predicted probability of acrylic stomach tubes (ST) or pulsed gastric lavage
(PGL) retrieving at least 90% of stomach contents, as a function of (A)
relative weight of stomach contents, and (B) Butterfly Peacock Bass TL.

Shaded area indicates 95% CI.
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